Rotator cuff tears are one of the most commonly encountered musculoskeletal pathologies for older patients, with an estimated 10% of patients >60 years old affected. 25 While the majority of rotator cuff tears are treated nonoperatively, 13 rotator cuff repair surgery is nonetheless one of the most commonly performed surgeries in orthopaedics. 8 Rotator cuff repairs were historically performed via an open approach, but in recent times the arthroscopic approach has become increasingly common and widely accepted. 7, 10, 24 Many studies compared the benefits of arthroscopic rotator cuff repairs with open and mini-open rotator cuff repairs. 26, 27, 30, 34 Although each surgical approach possesses specific advantages and disadvantages, 7 they have thus far been shown to have comparable clinical outcomes and complication rates. 12, 15, 28 Some studies found higher costs associated with arthroscopic rotator cuff repairs, 2, 6 whereas others found no cost difference between them. 16 Known complications following rotator cuff repair surgery include postoperative infections, shoulder stiffness, and tendon reruptures. 21 The reported rates of these complications vary by source. Although 1 study of Veterans Affairs (VA) patients demonstrated higher rates of some complications in its open rotator cuff repair group, including wound infections within the first 30 postoperative days, it is unknown if this difference is true for a nationally representative cohort. 19, 21, 27 Medicare provides health insurance in the United States to >45 million patients, the majority of whom are >65 years old. 23 With the average age of patients undergoing rotator cuff repair being 63 years old, 11 it would be logical that the Medicare population would be an appropriate and nationally representative patient population to evaluate with regard to rotator cuff repair outcomes.
The purpose of this study was to assess trends in the surgical management of rotator cuff tears in the Medicare population. Specifically, we evaluated the change in incidence of open and arthroscopic rotator cuff repairs and the incidence of postoperative complications in this population. We also assessed trends in concomitant procedures associated with rotator cuff repair surgery in Medicare patients, as 1 study suggested that the rates of these procedures have been increasing 31 despite there currently being a lack of evidence supporting their use. 1, 17, 22, 29, 33 On the basis of previous studies, we hypothesized that the incidence of arthroscopic but not open rotator cuff repairs had increased, that concomitant procedure incidence had increased in both surgical groups, and that the incidence of postoperative shoulder infection and stiffness was higher in the open group than the arthroscopic group.
METHODS

Data Query and Analysis
The PearlDiver patient record database (PearlDiver Inc; www.pearldiverinc.com) is a publically available database of >4 billion insurance billing records. It contains the records of patients who have had an orthopaedic codeInternational Classification of Diseases, Ninth Revision (ICD-9) or Current Procedural Terminology (CPT)-assigned to their billing record from private insurance and Medicare. The PearlDiver database was chosen because it contained the records of all Medicare patients with an orthopaedic ICD-9 or CPT code from 2005 through 2011.
This These 2 patient populations, the open group and the arthroscopic group, were subsequently queried to evaluate the rates of concomitant procedures and postoperative complications, including infections and shoulder stiffness, within each group. We did not evaluate revision surgery because operative laterality is not defined within CPT coding data.
To evaluate the incidence of concomitant procedures, the open and arthroscopic rotator cuff repair populations were each queried for subacromial decompression (CPT 23130 or 29826), distal clavicle resection (CPT 23120 or 29824), and biceps tenodesis (CPT 23430 or 29828) performed on the same day as the rotator cuff repair. We were unable to evaluate the incidence of concomitant biceps tenotomies because no specific CPT code exists for this procedure. The percentage of rotator cuff repairs in each group with these concomitant procedures was then calculated and compared. Additionally, the change in incidence of these concomitant 
Statistical Analysis
A 2-tailed Student t test was used to determine the statistical significance of differences between mean values in the open and arthroscopic rotator cuff repair groups, with equality of variance determined via the F test. The w 2 test was used to evaluate the significance of differences in open and arthroscopic concomitant procedure percentages, and the w 2 test for trend was used to evaluate significance of trends in rotator cuff repairs and concomitant procedures. Statistical significance for all analyses was set at P <.05. (Table 1) . On average, there were 45.5 million Medicare enrollees, 189,244 rotator cuff tear diagnoses, and 53,158 rotator cuff repairs performed each year. The overall incidence of rotator cuff repair during this time was 9.63 per 10,000 patients per year (4.24 open vs 5.39 arthroscopic repairs; P ¼ .02).
RESULTS
Trends in Rotator Cuff Repairs
The incidence of open rotator cuff repairs decreased (from 6.04 to 4.25 per 10,000; P < .001) while the incidence of arthroscopic rotator cuff repairs increased (from 4.51 to 7.77 per 10,000; P < .001) during the study period ( Figure  1 ).
Concomitant Procedures
Patients who had undergone arthroscopic rotator cuff repair were 2.49 times more likely to additionally undergo subacromial decompression than those who had undergone open rotator cuff repair ( Figure 2 ). There was no difference, however, in rates of distal clavicle resection and biceps tenodesis between the open and arthroscopic groups. Patients in the arthroscopic group were more likely than patients in the open group to undergo arthroscopic, as opposed to open, subacromial decompressions, distal clavicle resections, and biceps tenodeses ( Table 2) .
The annual rate of concomitant biceps tenodesis increased significantly from 2005 through 2011 in the open and arthroscopic groups ( Figure 3A) . The annual rate of concomitant subacromial decompression ( Figure 3B ) and distal clavicle resection ( Figure 3C ), however, did not change significantly in either the open or the arthroscopic group.
Postoperative Complications
Patients in the open rotator cuff repair group were 2.32 times more likely than patients in the arthroscopic group to be diagnosed with a postoperative shoulder infection within 6 months of their rotator cuff repair. There was, however, no statistically significant difference in the percentage of patients who subsequently required surgical debridement for their postoperative infection between the 2 groups (Table 3) . More patients in the open group than in the arthroscopic group required an intervention for postoperative shoulder stiffness within 1 year of rotator cuff repair. Patients in the open rotator cuff repair group were more likely to undergo shoulder manipulation under anesthesia than patients in the arthroscopic group, while those in the arthroscopic rotator cuff repair group were more likely to undergo arthroscopic lysis of adhesions (Table 3) . Few patients from either group underwent open treatment for postoperative stiffness (0.02% in the open group, 0.00% in the arthroscopic group; P ¼ .15).
DISCUSSION
Our study evaluated rotator cuff repair surgery in the Medicare population because it represents the largest cohort of patients with rotator cuff tears in the United States. Accordingly, this study evaluated the largest number of rotator cuff repair surgeries to date. We hypothesized that the incidence of arthroscopic, but not open, rotator cuff repairs had increased, that the rates of concomitant procedures had increased in both surgical groups, and that the incidence of postoperative complications was higher in the open group than the arthroscopic group based on results from previous studies.
Our study found that the incidence of arthroscopic rotator cuff repairs has indeed increased while the incidence of open rotator cuff repairs has decreased. These findings confirm previous studies of other patient cohorts that also reported this paradigm shift from predominantly open to predominantly arthroscopic rotator cuff repairs. 7, 19, 35 This shift has occurred despite a lack of evidence supporting one procedure over another. 12, 18, 28 This cultural shift may be due to young surgeons' preferences and familiarity with arthroscopic procedures, patients' preferences for minimally invasive procedures, or even industry marketing forces.
Interestingly, when Medicare patients are compared with other patient populations, this transition from predominantly open to predominantly arthroscopic rotator cuff repairs occurred later than in the private health insurance population but earlier than in the VA population. 19, 35 The first year in which >50% of rotator cuff repairs were performed arthroscopically was in 2007 for the Medicare patient population, compared with 2005 for a private insurance group, 35 while this threshold had not yet been met as of 2009 in the VA patient population. 19 This difference in arthroscopic rotator cuff repair adoption rate in the Medicare population versus other patient populations may indicate that younger patients with private insurance have sought out newer technology earlier than Medicare and VA patients. Alternatively, the adoption rates may reflect differences in resource utilization among the patient populations, given the possible higher costs associated with the arthroscopic approach 2, 6 ; for example, it was demonstrated that patients with private health insurance are twice as likely as Medicare patients to undergo physical therapy after rotator cuff repair surgery. 3 While concomitant procedures currently have an unclear effect on the outcome of rotator cuff repairs, 1, 5, 17, 22, 29, 33 these procedures are often performed with rotator cuff repairs to address additional aspects of shoulder pathology. We found that the incidence of subacromial decompression was high for both groups but greater in the arthroscopic rotator cuff repair group than in the open group (see Figure  2 ). This is despite evidence from studies suggesting that acromioplasty provides no benefit to the outcome of rotator cuff repair. 1, 5 Interestingly, countries such as Finland have experienced a decrease in the incidence of acromioplasties since 2007, 20 while this has not been the case for Medicare patients. This difference may reflect a continued belief in the effectiveness of subacromial decompression or differences in training, or it may be related to reimbursement influences.
Additionally, we found that the incidence of concomitant biceps tenodesis increased significantly for open and arthroscopic repairs over time (see Figure 3) . Biceps tenodesis has become an increasingly common procedure in recent years, and the increase in concomitant biceps tenodesis with rotator cuff repair in our study period may reflect the overall popularization of this procedure. Many studies have demonstrated good surgical outcomes following biceps tenotomy or tenodesis, likely influencing this increasing incidence. 31 This overall increase in biceps tenodeses likely explains the similar increase in concomitant biceps tenodeses with rotator cuff repairs and may reflect an increased awareness of biceps tendon pathology as a potential cause of shoulder pathology. 10, 14, 33 The difference in concomitant subacromial decompression rates is interesting because of the current lack of evidence supporting the use of concomitant procedures in conjunction with rotator cuff repairs. 1, 5, 29 The greater incidence of subacromial decompression in the arthroscopic group may be due to the facility in which it is performed during the arthroscopic approach. Alternatively, it may partially be due to a difference in subacromial decompression billing code utilization between the arthroscopic and open groups, as CPT 23420 can signify an open rotator cuff repair performed with or without acromioplasty. On average, CPT 23420 accounted for 28.6% of the annual open rotator cuff repairs. If one were to assume that all of these codes represented open rotator cuff repairs with subacromial decompressions, this estimate would increase the mean number of concomitant subacromial decompressions from 0.35 to 0.63 per index procedure for the open group. This adjusted incidence, however, remains significantly lower than the 0.87 subacromial decompressions per index procedure in the arthroscopic group (P < .001), indicating that the difference in concomitant subacromial decompression rate is not solely due to coding differences between the open and arthroscopic groups. Unsurprisingly, patients who had had arthroscopic rotator cuff repair were relatively more likely to undergo arthroscopic concomitant procedures as compared with patients in the open rotator cuff repair group ( Table 2) Complications following rotator cuff repair surgery, regardless of surgical approach, include superficial and deep infection, shoulder stiffness, and tendon retear. 21 We found that the incidences of postoperative infection diagnosis and surgical debridement were generally low for both groups (Table 3) but that the incidence of postoperative infection diagnosis in the open group was 2.32 times greater than in the arthroscopic group. The increased diagnoses, but not debridement procedures, likely represent an increased incidence of superficial, but not deep, infections in the open rotator cuff repair group. This difference, while statistically significant, may not be clinically relevant. Although the VA patient population has unique characteristics that limits its external validity (eg, >80% rate of diabetes), a retrospective review of nearly 10,000 VA patients also revealed higher rates of postoperative superficial, but not deep, infections in the open group versus the arthroscopic rotator cuff repair group. Specific risk factors included age >50 years and rotator cuff repair, 32 both of which are applicable to our cohort. In contrast to authors of earlier studies, we captured infection data for up to 6 months after surgery to include indolent infections such as Propionibacterium acnes, which account for 51% to 86% of postoperative infections following shoulder arthroscopy. 21 Previously published rates of postoperative shoulder stiffness following open and arthroscopic rotator cuff repairs ranged between 0.5% and 4.8% and between 2.6% and 8.7%, respectively. 21, 24 These large ranges reflect the fact that postoperative shoulder stiffness lacks specific diagnostic criteria. Because of this lack of specific diagnostic criteria, we chose instead to evaluate the rates of intervention for shoulder stiffness (manipulation under anesthesia or surgery) as a more specific and reliable marker for this complication. We found that both surgical groups had low rates of postoperative shoulder stiffness severe enough to necessitate an intervention but that a greater percentage of patients in the open group than in the arthroscopic group required an intervention.
Other studies found no significant difference in the rates of postoperative shoulder stiffness between open and arthroscopic rotator cuff repairs, 27, 28 but these studies analyzed far fewer patients and were assessing stiffness diagnoses, not interventions. We believe that these 2 factors resulted in our study's demonstrating a distinction in shoulder stiffness rates between the 2 surgical groups. Of patients who did require intervention for postoperative stiffness, patients in the open repair group were more likely to undergo manipulation under anesthesia than those in the arthroscopic group, while those in the arthroscopic group were more likely to undergo arthroscopic lysis of adhesions than those in the open group (see Table 3 ). This difference in treatment choice likely reflects providers' relative comfort with shoulder arthroscopy and the patients' comorbidities that influenced the initial choice of open versus arthroscopic surgery.
Limitations
Limitations of this study include its retrospective nature and its reliance on billing data, which lack ideal granularity. 23 Since the study was retrospective, we were unable to adjust for differences in comorbidity rates between the 2 groups or rotator cuff tear complexity factors, such as tear size and Goutallier grade, which may account for some of the differences in postoperative complications or may have influenced the surgeons' choice of open over arthroscopic approach. The inclusion of CPT 23420 in the open group, while necessary to include all open rotator cuff repairs in the analysis, may have biased the open group to more difficult massive repairs and reconstructions. Certain complications, such as tendon retears, deep vein thrombosis, and anesthetic complications, were unable to be assessed from the data set, as were cost and patient outcomes. Tendon retear rates in particular would have been a valuable comparison given that retears are often the most clinically significant complications. There is some evidence to suggest that arthroscopic rotator cuff repairs have a higher incidence of retears following repair of tears >3 cm, 4 which may influence surgeons to choose the open approach for larger and more complicated tears. We were unable to assess the rates of revision operations because laterality is not included in CPT codes, which makes revision surgery and contralateral primary surgery indistinguishable in this data set. Last, we were unable to specifically evaluate miniopen rotator cuff repairs owing to the lack of a CPT code for this procedure. The rate of arthroscopic concomitant subacromial decompression in the open rotator cuff repair group may indicate the incidence of mini-open rotator cuff repairs (see Table 2 ), as this concomitant procedure would be performed arthroscopically in only a mini-open approach, but we cannot confirm this hypothesis.
CONCLUSION
This study demonstrates that the overall incidence of rotator cuff tears and the percentage undergoing surgery did not change in the Medicare population from 2005 to 2011. The incidence of arthroscopic rotator cuff repairs during this time increased, while that of open rotator cuff repairs decreased, despite a lack of clear evidence showing improved outcomes with arthroscopic surgery in the literature. Subacromial decompression remained the most common concomitant procedure despite studies demonstrating no benefit. 1, 5, 9 The incidence of concomitant biceps tenodesis has increased significantly in open and arthroscopic rotator cuff repairs. While infections were rare following rotator cuff repairs, there was an increased incidence of superficial, but not deep, infections in open repairs. These findings from a large and nationally representative patient cohort contribute to the body of literature identifying the differences between open and arthroscopic rotator cuff repair. Given these findings and other contributing factors, such as retear rates, cost-effectiveness, and patient outcomes, future prospective studies are required to fully elucidate the benefits of the 2 approaches.
